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^6T11 2®g<DJ&&ffli&W.M<DB^ <DJ&&Rm 1 0 4T% MOVPE*P 
F^TTBC 1 tTMI n&i;PH3§'>IA©giSl:i O^il&bT, 

5 > I nPll 0 3 (D«J?^b«M66 £>n&;fcofco 

EI2~7Tte, ^M$9iS^ atoms/cm 3 ) tbtlt^tlfc 

WB*Sbfc a t oms/cm 2 ) » 

6nmOT(0. Inm/secOT) t^§i5^X^5 1 >^Xt^7 1 

cD^m^s-r^t^o, mm^mmmmmmmiz^m^n^o mzs 

20 yhi-^V^i, USSb^i^^^Mti^W^v^ 
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5 m i tmm<DV>y°)immz&^i:%izi<Dj&-mRm i o 4^<D^mm^mm^ 

ftlTfl X7^>^XT^§TBC1©MM19. 4{imol/mi 
n (InP©X7f>^SgClT2 0. 5 nm/ra i nffiS) , PH 3 il&i& 
2. 6 8mmol/mini:-€tl, TMI n®i|&i^0~30/tmo 1/ 
mi iKDm^mttEltX. 1 0^F B 1^Mm#MS^fTVi, ^ttTT>F-:7 0 I n. 

io piio 5^fii/L ,^rrs i Msftffi\z&K>m2ftm<D%kms imm\z^ 

E 8 *5 <£OT 9 mm S i ©ffi^i^fc, T B C 1 Rtf TM InHiS. 

I nP©^*jim (IP^T>K— ^ I nPH03 (fg— 0D^##:Ji) CDJBU?^ 

20 V^tlO^iC^^T'bTM I nOMIi^CMS J&ftM 
POnm/s ectfeS#55-e, £§®S ilft»ft/M^b, $6I:TMI 

B C 1 CD^Srfjt— <£>/&fi|jl® 10 4 teflM&bfc*^ tS©^§S i 
&«JS i C 1 xtlT-Itt»f»»5fe©0, S i - C 1 
25 S i -POO^tCit^TlK, S i - C 1 ©Hg^jW<fc-WnT£fc^0fc|?ffr 
f btbS5^, TMIn^TBCli^HHMfl,^ Si^SiClxi 

. ^Infi$ri, -Rmm^^UrnvrcS limit I nPS®£#ftiJ3l£fl:t 
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i nPciyf^^iatTM i n\z£z> i n p <Dj&mmmifiTm$3 V &o &ft 

TMI n£J;£ I n P ©Z&SjiS^TB C 1 iZ<£%> I nPOI 

@8*iOT9 0^f.> 0. 1 nm/s e c J^ft(DJl]¥^fb5a^<hb£:3§ 
10 HH©H»J 

#>&2Mf}a (double Channel planar buried Hetero structure: DC-PBH) D , 

3 ®<DmM>f&m'7n±x&mx^f&vt£o mt>, tf nainp mms o o_ht 

InGaAsP ^-SiH^F (multiple quantum well: MQW) ffi&M 5 0 2 ^^tS^^Jl 
15 ^n«^S&£^i£E§JI£j&fiU Si0 2 7X^^^fc7^hUV^77 
^-yot^^lTffS©/^-^>y^ll^ 2um £>#&i&/S^ h'7<X 

^HrJ&ftyn-feX^iiU p-InP 7Uyt7M5 1 0, n-InP ^7^15 1 2T 
20 ^^g&^rSJ63^A>7^io ^OitOff^M^I 1 <Dnf&MRffi 5 0 8 <hP?^ 0 

^fc mqw m&m&^&t-v-tcDwmfcm&m&is, 3 inig^^^^nirx 
- d~e, £o?ii/&s#M£fft 2 ©s^fiM5 0 6 <ho$^„ 3 me 

©Si^^n-feXtli p-inP ^7^FI5i 4(Z)^S^^-r^»i£Su^> 

3feM^rB$oS (metal organic vapor phase epitaxy: MOVPE) tpP^lZ^Sl/^X, Xy^ 
25 >^#XT&&TBC1 /&SM*r7?&£ TMIn tPH3?&, X^>^^£s£ 

ommmWtimcDncDT&C 1 £>#y&*tel 9. 4/imol/min-C, cn« 
I nPCDX-/^>^7gS{'UT2 0. 5nra/minl:iaU TMInCDf|& 
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ittl5. 08/imol/min> PH 3 CilSiH2. 6 8mmo 1/mint 
SD, ^n&ttInPO^fiMl:UT2 0. 5nm/miiiMt§ 0 to 
t. TBCUaSInPOX^^lI^ TMInWPH 3 l:J:§InP 

ggfc^iifco MfltMfc&LStf)^ p-InP ^7'>HI5 14, pS InGaAs 3>^^ 

300um ^f!3b> 5V >^fcfcirrfc:, ^il^tS-^fffffibfco 

io mffi$X£& 2 KScT. c si mmmfe. sims T?#*r bfcB 2 <E>3/fcg 

ifsfcfetj-s^e si M&g-r&o, *jB9s^*t-t* si o^mrps«, 6x 

10 7 atoms/cm 2 ^^Ta5ofe 0 ^® Si ffi?B£WU ^S^t^^M^L, 600 #T 

-f^sm. ytmj]£>bmm\z&mt£nf£o m 1 3 \tmm.n^(Dmm si ®^s#t# 

15 tt£^TETr&3o £fc> B14S, xa- y^WcDgl 2 ©S^fifioig si 

m,^m<Dmm si «§eft#tts^-rBi > r» mm si ®$b«&, ^ ixio n cm- 2 

5Mt&ofc. XP-7^*tt» 20%&#U 0.34W/A, 150mA jl«Bf 

20 (D^m^7« 1.4 fed) 45mW t&ofco £fcj±3&<£>fc&f;i, ^fg^Om^ftiM^ 
ffl^fC> #W^4fcll^«*nTV*S^&JB^T, 2X10 18 cm- 3 ©i^ii^tf) 
Zn £fj£ 2 ©/&S#®i£#<£> 0.2um K-fc! >^\^t^>^)VhWUVtc 0 Z\(DM 
£\ MI, — 78*45, 150mA jl^Uf <£>}fcffi2j fci 6.3mA. XD-^pfi 
0.31W/A, 150mA 51«Bf<D^ffi*« 38mW iJ^O, afc#3»fcfca&<§. feCDCD+^T 
25 #»i8©^^gfc«kD8S Si sxio'W 2 ^TfcTtffc&S 
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(Inter Valence Band Absorption: IVBA) ^fe^^StCl Zn /^££tfcLT, 
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TO, ^mMWm DFB-LD T&D, 4 HKD^^S^U-kX^^X^bfeo EP 

ts, z-f^mfcu—yr Lte&^frizvfrmffi&^mf&znrc n ^ inp s«6 o 

5 0 ±£ InGaAsP MQW ^'14® 6 0 1 ^t$&7)V^U (Double He 
tero: DH) Itjt^Sbfeo &V>T% ii^mffl^c7th'JV 

^/cta^Xy hX>^>mi9, ^PM^^X^^>^b^io 2IU 
g<D^||j&:ST, ^m^m(D InGaAsP MQW 16 0 3 £«J DH b 
10 fro Z<Dt% <D mj&MR^ *» 1 ©fl/foBI?-® 6 2 0t Pf^o 

15 BO^^Syo-feX^SSb, J»2 O.lum TpM^^U TiiS 5 Xl0 17 cm- 2 (Dp- 
InP -JUvZMQ 0 2, 1.5um Tjgjrt^ lxlO 9 Q cm <E>#^m (Semi- 

InsulatingrSl) -InP 7D77I6 04, O.lum n M3r^ U 3xl0 18 cnf 3 

© n-InP 7D7^16 0 6£/fcgL£io ^©t#©H^&Slf®&Sg2 ©SJ^SIf 

^^S^D-kX^SIbfec -©S^fl^i 3 ©SMM t^^. 4 [el 
@©^^^S^P-feX-e«> p-InP ^77^16 0 8 0/&:5£|IB£&-r3ttHtrK^ 
MOVPE*P|*lK::fc^T> Xy3^>^#7.T&3 TBC1 ^SM^~ec5^ TMIn <h 

ph 3 ^ jLy?->?mm£i&&mm^mmc\z?2iZ>mm&i&is-T:. -0^2© 
25 s^ii^^Mi/feo ^©^Mm^s^^oTBc 1 <Dmmm\zi 9. 4 

jimol/rainT% nP0Xy?>^lg[:UT2 0. 5nm/rai 

nClS^U TMInO«llil5. 0 8/imo 1/rain, PH 3 ©^»ti 
2. 6 8mraol/min^l5, I n P ©/foRii^C tT 2 0 . 5 n 
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m/minllfflltS. tot, TBC U:J:S I nPCXy^ilSi, T 
MIn^PH 3 tJ;5 I nPO^SWfK, C^Mtt^MS't'fc 2 lllg 

5 w<mmmm<D'&. P -inp ^7^Hi6 0 8, P sun >^ b s 6 2 2 ^sfes-r 

itm<orcid\zmm s <Dnm,m^-mzm^mmm^nt)ir\z^mLr^m^mm 
m dfb-ld tit^t. *mw<Dmmmn&Misrc±t^M$&Mmm dfb-ld 

\Z&\,*Tte. I3(DB^S#I©^ Si &ft#S SIMS <D^tfcSTIS(^> 6x 

ffibM&T'Pte^o &@ Si ©^»*fl"B«*rfc»K:, zn feif©aBM© p 
b££(DFlJfcg#®jfi0Hc F — fc!> iff v>fc«K 

«#3&*©WMHfcfe&v>. zL<Dm&* mmzL,xm io%> ^a-^ 0 ^^ 

5%, m^l0%iCin^-> HSSftJB*rWffe& J 3dB ^!20%C7)gScS 

fe^^«±IE^»i|Tii, lyf>^ffl§tt^ibt, TBC K tf 
7^^75/*X7^>^D7^f H ( C (CH 3 ) 2 ] N 2 PC 1) &m^tz. 

a«, m<dc \ %kmm, mxum^m mc n mfc;*^ (ch 3 c d > 

ra^lft* (cci 4 ) , k'x^ws/TJ^^nM H ( [ (ch 3 ) 

25 2 ] N 2 A s C 1 ) , HI« (P C 1 3 ) , HlftitiA s C 1 3 , li (CI 

2 ) ^ h«©b rawph i&mm. Fmmm&m^xh&^o m<DK&&m^ 
±mmi&mz^vr£&5\z^y^>?mwz&z¥mfcmo^y?->#T&M£i& 
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5 -XMBE (GSMBE) & tWMBE (MOMBE) 

g (CBE) S^i'^oT^^. £fc±fEI|]!&#ITte, InPM»^ 
T^bfe^ &mW}*Z.n\zMWL-£nz>h(D7?\tJ3L<, GaAs, InAs, 
G a P , GaN^f £(Dm<D m-VMit&W^Mfo^ I I - V I mt&W^mfctZ. E 

S^RJf^M^igH^I^^ I nPT«4 0 0 < C~ 7 0 0 X:mm<Dm. G a A 

s t«4o o"c^e>8 o ox:<Dmx&nu&<, jiy^->^mm\z^^^m 

15 nm<on^ifi^o 

izmmistc^ cn6^sMt§^it§-t^?.o z\(om&. ^ 

^?&o\z, ^^y^t.jLy^>^^^(Dm^m7L^mm\znoz\t.ifim^v^o 
^td±mmmmx\^ dfb-ld t^m^u^tD^r^m^mmm dfb-ud 
&mtLTitmw<Dy£¥m&MmmT\z^^Tm*Mvt£&, dfb-ld <DKt>K>\z. 

^ T ^U^n-l/-if-^ FP-LD, DBR-LD, ^Mfamm^fc t^SttfcifC 
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m * <d m m 



1. ^^JB©^®fc#«bfc^!fe^»*^*t*S»^a^feT?»oT, MfB 

5 rusk, &fr\%3zmz, mm^&miz&m^v&zm&Mmiin&'S&z- 

10 «5«f^l3ffi*fe. 

So 
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BJM<b»*& r 2 
I R l< I r 2 |< I r x I 

9. m&<nmw$izmm<Dm&mm^mz&\,*T. r< o ££&*HK£-r 
i o. mMomm8&t£te9\zmm<Dm&mmxmz&^T. i r i **o. in 

15 m/s e c£ATT^^Jlt^#mtT§?f^5!ia^o 

1 1 . St^cDtSB 1 75M 1 0 ^*rtl3^fc:IB*©«#»a^fefc*^iT, MfB^S 

20 13. ^©ibh 175M1 2^irnfriz$zM,<Dm&$imj3mz35\,*T. huibx^ 
^ > tf&mm a* a ny>7tm&it ©as^»t » & ci £ s #m t -r & m#Ms 
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is. m&ommi 5 7^mi i^-rnmzmmom^m^m^v^x. mm* 
mfom*mj&-rz>wM7im&'(>^ i y& (m) 

19. ¥M&mu<D±mz^—<D¥mfem&mi&'fz>3:mt, mtzm—o^mfc 

20. #^s«o±^^^-©^#JS^^t-^x@t, t&tB^— (D¥m& 

2 1. ###*m©±^fc^-©¥«#:]i«r^^'r^X@t, iiufBffl— CO^S^ 

^mx©^7,t^i^NFicMIB^#so^®^^i-sx@^ty^a:^#i!t^ 
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n—<D¥-m&m<Dmm<Dm^ 100 nmKTT$5^t^ftti»^M 

5 2 4. |ft$®fl&H 1 9 7bm2 3 Vim*>fclB*©¥*#:gfll©i!ljfi^*feJc:*ViT, 

2 6. w^(D*sffl2 1 *^c«2 2izmm<D*m&mw<Dmmjjmz&\,*x. 

© ® «£fcj£* s r , 

©M«iM«a©»ff r P 

Mf3fg-©¥S#S^®K#bTiiufEffli2 ©#X©*£#W&L&»£-<Z>SCrHBIB— 
20 ©¥*#JB©SJ«ft3£ft£ r 2 

1 R l< I r 2 I < I r ! I 

2 7 . m$t<Dmm 2 6 fcia«©¥##g«©»^:#&fc:33^T, R<ot$5^ 

2 8 . m^©^H 2 6 2 7 &wik<D¥mfcmm<Dnm%m\z& <^T, I R 
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29. m&ommi 975M2 s^-rm^zmmo^m^mm^m^^z^x, 

5 3 0. it^©ISffl 19M29 V^n^^SB«fe(D^^«CDM^^^*5^X, 

10 32. m^mm 19M31 vi-rn^^is«t©^^«©m^fe^^viT, 

15 3 4. ^0D$gffl3 3lC|B^<3D¥S^e^jt^i-^^T, MB^IiJ&SM 

20 3 6. m$t<Dffim3 5\zmm(D^mwmm<Dmm^mz^x. m^^m^m* 
25 «pat-r*¥»#si«©«B§^. 
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3 9. vm*m#m*om&&zm<Dm&s iis^wesx i o 11 a t o 
^w^ish 3 9 mmvyt^wm^. 

10 4 3. 7^r^f ^MM I M^t^ ^ i:^tt^it*©i5H 3 9 7iS4 2 

4 4. pi^ftl+O^MliOSaS i IS^ffifST 5 X 1 0 1 1 a t o 
m s / c m 2 ^TT*§u £ *W*fc*rS3fc¥*fl^*^. 

4 5. BuiBS^g^®^ pa«*^n»;^Ii, ^0-F^^-r^«i©#M 

4 6. b&IB^S^®«, pS^7yHIt, *©T«Ki»*rsS£<BJM5T» 
&£<h£#m<hT5ft*<E>fBB4 4fBm<D^#S#m«m^o 
4 7. ffirfBS/fcRfMBtt* pMZ^y Hji + OS^fi^lST?**^^*^*^ 
^)«^<^i5ffl4 4fB®©> , 6¥^#m^m^o 
20 4 8. T^5V ^MMI«Ji*Wr*2:fc&#tRi:"rSW*©ttH4 475S4 7 
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Fig. 2 
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Fig. 3 
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Fig. 6 
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Fig.7 



7/14 




i — i — | — i — i — i — r 

2. 8 3. 0 



m$ (A«m) 



WO 2005/031829 



PCT/JP2003/012146 



8/14 



Fig. 8 



1.4E+12 
1.2E+12 
S 1.0E+12 
S 8.0E+11 



B 6.0E+11 



4.0E+11 
2.0E+11 
0.0E+00 



0 




10 20 
TMIn(jLim ol/m in) 



0.3 

0.2 

0.1 

0.0 

-0.1 

-0.2 

-0.3 

-0.4 

-0.5 



30 



S 

si, 



Fig. 9 



1.40E+12 

£T 1.20E+12 
I 

§ 1.00E+12 
8.00E+11 



6.00E+11 - 



m 
m 

02 4.00E+11 
Si 

2.00E+11 
0.00E+00 




10 20 30 

TMIii(jLimoI/miii) 



* *. JB' * (MH26) 



WO 2005/031829 



PCT/JP2003/012146 




WO 2005/031829 



PCT/JP2003/012146 



10 / 14 

Fig. 11 




^ CO 
LO LO 



WO 2005/031829 



PCT/JP2003/012146 



11 / 14 

Fig. 12 
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